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Abstract.  is study describes the population structure and dynamics of Ailanthus altissima within the Wright State University 
woodlot near Dayton, Ohio.   is 80 ha woodlot contains both old growth and secondary stands.  Ailanthus altissima populations 
were measured  rst in 1980 and again in 2001 and 2002.  We examined changes in A. altissima demographics and patterns of 
occurrence by examining secondary environmental factors that could have in uenced invasion and survival.  Ailanthus altissima 
was found in 13.5% of the plots (500m2 each) and had a density of 198.4 stems/ha, an increase from 1980.  Although usually at 
low densities within the interior, occasional high density patches occurred. Tree cores dated the initial invasion of A. altissima 
before 1940.   e number of A. altissima stems and the basal area of A. altissima decreased with increased distance from the 
woodlot edge.  Percent annual survivorship was 42% overall and survivorship was negatively correlated with distance from the 
woodlot edge.  Surviving understory stems have the potential to enter the canopy in the future.   e presence of A. altissima along 
the woodlot perimeter was not related to aspect.  Ailanthus altissima successfully invaded both the old and secondary growth 
sections of the woodlot, with its biggest in uence on the woodlot edge, where it frequently dominated areas.  A smaller presence 
in the woodlot interior is maintained presumably due to seedling success in canopy gaps and the formation of persistent clumps 
of clonal sprouts around canopy trees.
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characteristics of 26 species of trees varying in invasiveness, A. 
altissima was categorized as more highly invasive due to its high 
relative growth rate and speci c leaf area (Grotkopp and Rejmanek 
2007).   ese studies indicate the importance of research that 
examines the community and population dynamics of A. altissima 
within wooded areas over longer periods of time.
 e objectives of this study were to describe the population 
structure and dynamics of A. altissima within the Wright State 
University (WSU) woodlot near Dayton, Ohio.  Ailanthus 
altissima is the only non–native tree species well established in 
this woodlot, and it is therefore important to determine why it 
has been successful.   e speci c questions we addressed were 1) 
Is A. altissima more abundant along the edge or within the interior 
of the woodlot?  2) Is A. altissima more abundant in the old or 
secondary growth stands?  3) Along the woodlot edge, does A. 
altissima abundance vary with aspect?  4) In the interior, does A. 
altissima abundance depend on stand age and tree density?   5) 
Is A. altissima present in all size classes from seedlings to canopy 
tress?  6) Have canopy individuals established at di erent times, 
suggesting that recruitment into the canopy has been ongoing?  7) 
Has density remained constant since 1980?  8) What is the annual 
survivorship of A. altissima?
METHODS
Study Area
 is study was conducted within the Wright State University 
woodlot located near Dayton in Greene County in southwestern 
Ohio at latitude 39º 45’N and longitude 84º 3’W.   e climate is 
classi ed as continental (DeMars and Runkle 1992).   e average 
Ohio temperatures for January and July for 1992–2002 were -1.9ºC 
and 22.8ºC, respectively.   e average annual precipitation for Ohio 
for 1992–2001 was 99 cm (NOAA 2002).   e study area soils are 
Miamian silt-loams (Garner and others 1978). 
 e WSU woodlot is approximately 80 ha and includes 
three major stands (DeMars and Runkle 1992).  Two of these 
are secondary growth and are derived from agricultural  elds 
abandoned in 1935 and 1955.  Dominant tree species in these 
stands include slippery elm (Ulmus rubra), white ash (Fraxinus 
americana), hackberry (Celtis occidentalis), sugar maple (Acer 
saccharum), and black cherry (Prunus serotina).   ese secondary 
stands are unusual in Ohio because of their high dominance by 
black locust (Robinia pseudo-acacia), a species only found in Ohio’s 
southern counties (Runkle and others 2005).  e third stand has 
never been clear cut, although some selective cutting and livestock 
grazing did occur up until 1950.   is stand is dominated by white 
oak (Quercus alba), red oak (Q. rubra), black walnut (Juglans nigra), 
sugar maple, white ash, slippery elm, basswood (Tilia americana), 
black cherry, bitternut hickory (Carya cordiformis), and shagbark 
hickory (C. ovata) (Runkle and others 2005).  is stand is classi ed 
as a changing old growth stand (Runkle 1996), in transition toward 
fewer oak and more sugar maple (Runkle and others 2005).  Braun 
(1950) included Greene County in the beech-maple (Fagus-Acer) 
forest region.  However, the WSU woodlot  ts into Gordon’s (1969) 
community classi cation as oak–sugar maple.  DeMars and Runkle 
(1992) studied relationships among the ground layer vegetation, 
soil factors, topographic position, and stand age.  Basal areas for all 
stands were about 30m2/ha in 2000 (Runkle and others 2005)
Transects
Initial estimates of A. altissima population structures were 
made in 1980.   e second author, Runkle, sampled woody species 
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INTRODUCTION
Exotic species have detrimental e ects on native species and 
ecosystems and are one of the most important agents of habitat 
transformation in the world (Cronk and Fuller 1995; Richardson 
and others 2004).   ese e ects can include direct competition with 
natives for resources and space, indirect competition via changing 
the food web or physical environment, allelopathic inhibition, or 
hybridization (Vitousek 1990; Westman 1990; Stein and Flack 
1996).  More than 5,000 introduced plant species have escaped 
and now exist in native habitats within the United States.  Of this 
number, 138 are exotic trees or shrubs (Pimental and others 2000). 
Exotic plants cause environmental damage and losses totaling 
approximately $34 billion per year in the United States.   is  gure 
excludes intangible losses, such as species extinctions and losses in 
biodiversity, ecosystem services, and aesthetics (Pimental and others 
2000).  While costs are alarmingly high, not all exotic plant species 
become naturalized within native habitats, and of those that do, only 
a small fraction cause ecological or economical problems (Crawley 
1987; Vitousek 1990; Lodge 1993; Bright 1995).  Unfortunately, 
there are no fail-safe methods for predicting which exotic plant 
species will become pest invaders or for predicting the e ects of an 
exotic plant species on native species and ecosystems (Crawley 1987; 
Bright 1995).  However, experimentation in plant invasion ecology 
has developed a set of generalizations that impact applications in 
invasion management (Richardson and others 2004).
An exotic species found across the United States is the 
tree–of–heaven, Ailanthus altissima (Miller) Swingle, family 
Simaroubaceae, order Sapindales.  Ailanthus altissima is a native of 
central China (Xheng and others 2004).  It was  rst brought to the 
eastern United States in 1784, via Europe, as an ornamental and an 
urban street tree because of its lush foliage and ability to thrive in 
various conditions (Illick and Brouse 1926; Hu 1979; Peigler 1993; 
Shah 1997).  Ailanthus altissima was  rst planted in Philadelphia, 
but soon a er was planted widely in many eastern cities and was 
introduced to the west coast during the California gold rush in the 
mid 19th century.  It thrived in cities when many other trees could 
not due to its high tolerance of pollution.  Ailanthus altissima is 
highly pollution tolerant, although high ozone concentrations can 
cause foliar damage (Gravano and others 2003). By the latter half 
of the 19th century, A. altissima had invaded many natural habitats 
in the United States and was considered a pest species (Illick and 
Brouse 1926; Hu 1979; Peigler 1993; Shah 1997).
 e Nature Conservancy recognizes A. altissima as an exotic 
weed of importance and the Ohio Department of Natural 
Resources recognizes A. altissima as a well-established invasive 
species (Hoshovsky 1999).  Ailanthus altissima is a disturbance 
specialist that grows in a wide variety of habitats including forests, 
urban areas, reclaimed surface mines, along roads and highways, 
edges, and  elds (Miller 1990; Peigler 1993).  Ailanthus altissima 
is tolerant of drought, soil compaction, and soil temperatures up 
to 36ºC, but is considered intolerant of shade (Rabe and Bassuk 
1984; Pan and Bassuk 1985; Graves and others 1989; Miller 1990; 
Facelli and Pickett 1991; Lodge 1993; Kowarik 1995; Knapp 
and Canham 2000) although recent studies have found sizable 
populations of A. altissima in woodland interiors (Kowarik 1995; 
Knapp and Canham 2000; Bertin and others 2001).
Due to its shade intolerance, it is thought that A. altissima can 
not compete with native species in a forest environment (Knapp 
and Canham 2000).  However, A. altissima has been found as a 
component of the canopy of several native forests.  It is able to invade 
the forest interior by taking advantage of opportunities provided 
by disturbances resulting in forest canopy gaps, such as lightening 
strikes and treefalls.   is is a gap-obligate invasion strategy (Orwig 
and Abrams 1984; Kowarik 1995; Knapp and Canham 2000).  In 
addition, a recent study by Hammerlynck (2001) indicates that A. 
altissima sprouts can maintain a positive energy balance even in 
shaded conditions.  It is not only the clonal root sprouts that can 
be a threat to native forests, but also the seedlings of A. altissima. 
Ailanthus altissima is an e ective long distance disperser of seeds, 
even in forested habitats (Kota 2005). It can maintain a seed bank for 
at least a year and it has a germination advantage over Liriodendron 
tulipifera, although L. tulipfera seedlings have a higher survival rate 
(Kota 2005; Kota and others 2006).  In a recent study comparing 
in the WSU woodlot using two techniques for di erent parts of 
the woodlot.  First, he used contiguous plots along line transects 
placed 50 m apart and beginning at the woodlot edge.  Stems ≥ 9 
cm dbh were sampled in plots 5 m long (along the transects) by 
8 m wide.  Stems ≥ 0.5 m high and < 9 cm dbh were sampled in 
plots 5 m long by 4 m wide.  Stems < 0.5 m high were sampled in 
two 1 m2 quadrats along the center of the transect line in each 5 m 
section of that line, corresponding to the larger plots listed above. 
Altogether, 1,071 plots (nested plots for all sizes) were sampled. 
Second, he sampled a di erent section of the woodlot using 150 
circular plots with concentric subplots.  Stems ≥ 4.5 cm dbh were 
sampled in a 250 m2 circle.  Stems ≥ 0.5 m high and < 4.5 cm dbh 
were sampled in a 25 m2 circle.  Stems < 0.5 m high were sampled 
in a 2.5 m2 circle.  From this earlier study, only data on A.altissima 
were included in our current analysis.
In 2002, the abundance of A. altissima within the woodlot 
interior was determined using transects running through the 
woodlot beginning at the woodlot edge.  Transects were laid out 
perpendicular to the woodlot edge.  Along the transects, a series 
of 500 m2 (diameter = 25.2m) circular plots were established. 
 e distances between these plots along one transect and between 
transects were 40 – 100 m, as determined by using a random number 
table.   ese distances were chosen in order to sample about 10% 
of the total woodlot interior.
Each circular plot was identi ed as being part of the old or 
secondary growth stands.  All A. altissima stems found within a plot 
were counted and assigned into size classes:  1 = stems < 30 cm in 
height were considered seedlings or small clonal sprouts, 2 = stems 
30 – 133 cm (saplings), 3 = stems ≥ 134 cm, but not a canopy tree 
(subcanopy), and 4 = any canopy tree.  Diameter at breast height 
(dbh) measurements were taken for all A. altissima stems 134 cm 
or taller.  Any A. altissima stems with dbh measurements of 10 cm 
or more were cored using an increment borer and subsequently 
aged.  We cored any A. altissima stems of this size that we found 
along the transects, including those outside of the circular plots, 
in order to increase the sample size for age analysis.  
Data collection from 2002 and 1980 was not coordinated in 
advance because the idea to compare this study to the 1980 study 
was conceived a er the 2002  eld work was completed.   is 
di erence in sampling techniques resulted in somewhat di erent 
sized A. altissima individuals being included in each size class.  For 
the 1980 study, the comparable size classes were: 1 = < 0.5 m in 
height (seedlings or small clonal sprouts), 2 = > 0.5 m high, but 
< 0.5 cm dbh (saplings), 3 = ≤ 25 cm dbh (subcanopy), and 4 = 
> 25 cm dbh (canopy).  Although these size classes are not exactly 
the same, based on our experience at the site, we are con dent that 
they are close enough to be comparable.
Macroplots
In summer 2001 four 50 x 50 m macroplots were established; two 
in the old growth sections of the WSU woodlot (O1 and O2) and 
two in the secondary growth sections (S1 and S2).  Macroplots were 
used to examine the relationship between A. altissima population 
density and distance from the woodlot edge, as well as the annual 
understory survival rate of A. altissima. Suitable areas for macroplots 
were determined by identifying all perimeter plots (discussed 
below) with ≥ 50% A. altissima coverage, which was estimated 
visually.  Perimeter plots near areas of the woodlot containing large 
trails or areas that were not large enough to contain a macroplot 
were discarded and the  nal sites were chosen randomly from the 
remaining suitable sites.   e outer edges of the macroplots were 
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characteristics of 26 species of trees varying in invasiveness, A. 
altissima was categorized as more highly invasive due to its high 
relative growth rate and speci c leaf area (Grotkopp and Rejmanek 
2007).   ese studies indicate the importance of research that 
examines the community and population dynamics of A. altissima 
within wooded areas over longer periods of time.
 e objectives of this study were to describe the population 
structure and dynamics of A. altissima within the Wright State 
University (WSU) woodlot near Dayton, Ohio.  Ailanthus 
altissima is the only non–native tree species well established in 
this woodlot, and it is therefore important to determine why it 
has been successful.   e speci c questions we addressed were 1) 
Is A. altissima more abundant along the edge or within the interior 
of the woodlot?  2) Is A. altissima more abundant in the old or 
secondary growth stands?  3) Along the woodlot edge, does A. 
altissima abundance vary with aspect?  4) In the interior, does A. 
altissima abundance depend on stand age and tree density?   5) 
Is A. altissima present in all size classes from seedlings to canopy 
tress?  6) Have canopy individuals established at di erent times, 
suggesting that recruitment into the canopy has been ongoing?  7) 
Has density remained constant since 1980?  8) What is the annual 
survivorship of A. altissima?
METHODS
Study Area
 is study was conducted within the Wright State University 
woodlot located near Dayton in Greene County in southwestern 
Ohio at latitude 39º 45’N and longitude 84º 3’W.   e climate is 
classi ed as continental (DeMars and Runkle 1992).   e average 
Ohio temperatures for January and July for 1992–2002 were -1.9ºC 
and 22.8ºC, respectively.   e average annual precipitation for Ohio 
for 1992–2001 was 99 cm (NOAA 2002).   e study area soils are 
Miamian silt-loams (Garner and others 1978). 
 e WSU woodlot is approximately 80 ha and includes 
three major stands (DeMars and Runkle 1992).  Two of these 
are secondary growth and are derived from agricultural  elds 
abandoned in 1935 and 1955.  Dominant tree species in these 
stands include slippery elm (Ulmus rubra), white ash (Fraxinus 
americana), hackberry (Celtis occidentalis), sugar maple (Acer 
saccharum), and black cherry (Prunus serotina).   ese secondary 
stands are unusual in Ohio because of their high dominance by 
black locust (Robinia pseudo-acacia), a species only found in Ohio’s 
southern counties (Runkle and others 2005).  e third stand has 
never been clear cut, although some selective cutting and livestock 
grazing did occur up until 1950.   is stand is dominated by white 
oak (Quercus alba), red oak (Q. rubra), black walnut (Juglans nigra), 
sugar maple, white ash, slippery elm, basswood (Tilia americana), 
black cherry, bitternut hickory (Carya cordiformis), and shagbark 
hickory (C. ovata) (Runkle and others 2005).  is stand is classi ed 
as a changing old growth stand (Runkle 1996), in transition toward 
fewer oak and more sugar maple (Runkle and others 2005).  Braun 
(1950) included Greene County in the beech-maple (Fagus-Acer) 
forest region.  However, the WSU woodlot  ts into Gordon’s (1969) 
community classi cation as oak–sugar maple.  DeMars and Runkle 
(1992) studied relationships among the ground layer vegetation, 
soil factors, topographic position, and stand age.  Basal areas for all 
stands were about 30m2/ha in 2000 (Runkle and others 2005)
Transects
Initial estimates of A. altissima population structures were 
made in 1980.   e second author, Runkle, sampled woody species 
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INTRODUCTION
Exotic species have detrimental e ects on native species and 
ecosystems and are one of the most important agents of habitat 
transformation in the world (Cronk and Fuller 1995; Richardson 
and others 2004).   ese e ects can include direct competition with 
natives for resources and space, indirect competition via changing 
the food web or physical environment, allelopathic inhibition, or 
hybridization (Vitousek 1990; Westman 1990; Stein and Flack 
1996).  More than 5,000 introduced plant species have escaped 
and now exist in native habitats within the United States.  Of this 
number, 138 are exotic trees or shrubs (Pimental and others 2000). 
Exotic plants cause environmental damage and losses totaling 
approximately $34 billion per year in the United States.   is  gure 
excludes intangible losses, such as species extinctions and losses in 
biodiversity, ecosystem services, and aesthetics (Pimental and others 
2000).  While costs are alarmingly high, not all exotic plant species 
become naturalized within native habitats, and of those that do, only 
a small fraction cause ecological or economical problems (Crawley 
1987; Vitousek 1990; Lodge 1993; Bright 1995).  Unfortunately, 
there are no fail-safe methods for predicting which exotic plant 
species will become pest invaders or for predicting the e ects of an 
exotic plant species on native species and ecosystems (Crawley 1987; 
Bright 1995).  However, experimentation in plant invasion ecology 
has developed a set of generalizations that impact applications in 
invasion management (Richardson and others 2004).
An exotic species found across the United States is the 
tree–of–heaven, Ailanthus altissima (Miller) Swingle, family 
Simaroubaceae, order Sapindales.  Ailanthus altissima is a native of 
central China (Xheng and others 2004).  It was  rst brought to the 
eastern United States in 1784, via Europe, as an ornamental and an 
urban street tree because of its lush foliage and ability to thrive in 
various conditions (Illick and Brouse 1926; Hu 1979; Peigler 1993; 
Shah 1997).  Ailanthus altissima was  rst planted in Philadelphia, 
but soon a er was planted widely in many eastern cities and was 
introduced to the west coast during the California gold rush in the 
mid 19th century.  It thrived in cities when many other trees could 
not due to its high tolerance of pollution.  Ailanthus altissima is 
highly pollution tolerant, although high ozone concentrations can 
cause foliar damage (Gravano and others 2003). By the latter half 
of the 19th century, A. altissima had invaded many natural habitats 
in the United States and was considered a pest species (Illick and 
Brouse 1926; Hu 1979; Peigler 1993; Shah 1997).
 e Nature Conservancy recognizes A. altissima as an exotic 
weed of importance and the Ohio Department of Natural 
Resources recognizes A. altissima as a well-established invasive 
species (Hoshovsky 1999).  Ailanthus altissima is a disturbance 
specialist that grows in a wide variety of habitats including forests, 
urban areas, reclaimed surface mines, along roads and highways, 
edges, and  elds (Miller 1990; Peigler 1993).  Ailanthus altissima 
is tolerant of drought, soil compaction, and soil temperatures up 
to 36ºC, but is considered intolerant of shade (Rabe and Bassuk 
1984; Pan and Bassuk 1985; Graves and others 1989; Miller 1990; 
Facelli and Pickett 1991; Lodge 1993; Kowarik 1995; Knapp 
and Canham 2000) although recent studies have found sizable 
populations of A. altissima in woodland interiors (Kowarik 1995; 
Knapp and Canham 2000; Bertin and others 2001).
Due to its shade intolerance, it is thought that A. altissima can 
not compete with native species in a forest environment (Knapp 
and Canham 2000).  However, A. altissima has been found as a 
component of the canopy of several native forests.  It is able to invade 
the forest interior by taking advantage of opportunities provided 
by disturbances resulting in forest canopy gaps, such as lightening 
strikes and treefalls.   is is a gap-obligate invasion strategy (Orwig 
and Abrams 1984; Kowarik 1995; Knapp and Canham 2000).  In 
addition, a recent study by Hammerlynck (2001) indicates that A. 
altissima sprouts can maintain a positive energy balance even in 
shaded conditions.  It is not only the clonal root sprouts that can 
be a threat to native forests, but also the seedlings of A. altissima. 
Ailanthus altissima is an e ective long distance disperser of seeds, 
even in forested habitats (Kota 2005). It can maintain a seed bank for 
at least a year and it has a germination advantage over Liriodendron 
tulipifera, although L. tulipfera seedlings have a higher survival rate 
(Kota 2005; Kota and others 2006).  In a recent study comparing 
in the WSU woodlot using two techniques for di erent parts of 
the woodlot.  First, he used contiguous plots along line transects 
placed 50 m apart and beginning at the woodlot edge.  Stems ≥ 9 
cm dbh were sampled in plots 5 m long (along the transects) by 
8 m wide.  Stems ≥ 0.5 m high and < 9 cm dbh were sampled in 
plots 5 m long by 4 m wide.  Stems < 0.5 m high were sampled in 
two 1 m2 quadrats along the center of the transect line in each 5 m 
section of that line, corresponding to the larger plots listed above. 
Altogether, 1,071 plots (nested plots for all sizes) were sampled. 
Second, he sampled a di erent section of the woodlot using 150 
circular plots with concentric subplots.  Stems ≥ 4.5 cm dbh were 
sampled in a 250 m2 circle.  Stems ≥ 0.5 m high and < 4.5 cm dbh 
were sampled in a 25 m2 circle.  Stems < 0.5 m high were sampled 
in a 2.5 m2 circle.  From this earlier study, only data on A.altissima 
were included in our current analysis.
In 2002, the abundance of A. altissima within the woodlot 
interior was determined using transects running through the 
woodlot beginning at the woodlot edge.  Transects were laid out 
perpendicular to the woodlot edge.  Along the transects, a series 
of 500 m2 (diameter = 25.2m) circular plots were established. 
 e distances between these plots along one transect and between 
transects were 40 – 100 m, as determined by using a random number 
table.   ese distances were chosen in order to sample about 10% 
of the total woodlot interior.
Each circular plot was identi ed as being part of the old or 
secondary growth stands.  All A. altissima stems found within a plot 
were counted and assigned into size classes:  1 = stems < 30 cm in 
height were considered seedlings or small clonal sprouts, 2 = stems 
30 – 133 cm (saplings), 3 = stems ≥ 134 cm, but not a canopy tree 
(subcanopy), and 4 = any canopy tree.  Diameter at breast height 
(dbh) measurements were taken for all A. altissima stems 134 cm 
or taller.  Any A. altissima stems with dbh measurements of 10 cm 
or more were cored using an increment borer and subsequently 
aged.  We cored any A. altissima stems of this size that we found 
along the transects, including those outside of the circular plots, 
in order to increase the sample size for age analysis.  
Data collection from 2002 and 1980 was not coordinated in 
advance because the idea to compare this study to the 1980 study 
was conceived a er the 2002  eld work was completed.   is 
di erence in sampling techniques resulted in somewhat di erent 
sized A. altissima individuals being included in each size class.  For 
the 1980 study, the comparable size classes were: 1 = < 0.5 m in 
height (seedlings or small clonal sprouts), 2 = > 0.5 m high, but 
< 0.5 cm dbh (saplings), 3 = ≤ 25 cm dbh (subcanopy), and 4 = 
> 25 cm dbh (canopy).  Although these size classes are not exactly 
the same, based on our experience at the site, we are con dent that 
they are close enough to be comparable.
Macroplots
In summer 2001 four 50 x 50 m macroplots were established; two 
in the old growth sections of the WSU woodlot (O1 and O2) and 
two in the secondary growth sections (S1 and S2).  Macroplots were 
used to examine the relationship between A. altissima population 
density and distance from the woodlot edge, as well as the annual 
understory survival rate of A. altissima. Suitable areas for macroplots 
were determined by identifying all perimeter plots (discussed 
below) with ≥ 50% A. altissima coverage, which was estimated 
visually.  Perimeter plots near areas of the woodlot containing large 
trails or areas that were not large enough to contain a macroplot 
were discarded and the  nal sites were chosen randomly from the 
remaining suitable sites.   e outer edges of the macroplots were 
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Size Class                        1980                             1980                              2002
                   (line plot)           (circle plot)
       1                          14                 26.7                            46.3, 639.8*
       2                                      3.3                 13.3        113.5
       3                                      3.8                   1.9         37.1
       4                                      0                   0.5        1.57
   Total                        21                  42                              198.4, 791.9*
altissima stems, basal area of A. altissima stems, number of stems of 
other woody species, basal area of other woody species, and annual 
survival of tagged A. altissima stems.  Spearman’s test was used 
because it is less in uenced by outliers than correlation procedures 
based on the original data (Zar 1999).  Simple regression analysis 
was used in order to relate annual survivorship of A. altissima 
to distance from the woodlot edge for the macroplots O1, O2, 
and S2.  ANOVA was used to determine whether the number of 
stems and basal area of A. altissima varied among the two stand 
ages examined.
In order to look for signi cant di erences between the frequency 
of occurrence of A. altissima along the perimeter and in stands of 
di erent ages and plots of di erent aspect the chi-squared test was 
used.  Because relatively few perimeter plots contained A. altissima 
with a relatively high percent coverage, we considered A. altissima 
to be in one of two classes: present or not present.  All statistical 
analyses were performed with PC SAS (Version 8.0, SAS Institute, 
Cary, NC) using a signi cance level of α=0.05.
RESULTS
Stem Density and Frequency
 e total density and the density per size class for the transects 
are shown with and without an outlier (Table 1).   e outlier was 
one circular plot with an unusually high number of small A. altissima 
seedlings.  Smaller understory A. altissima stems are more abundant 
than canopy trees and abundance decreases for each larger size class 
(Table 1).  When compared with the densities from the 1980 sample, 
A. altissima density totaled from all size classes has increased from 
21-42 stems/ha to 198 stems/ha.  Individually all four size classes 
show an increase in A. altissima density over time, with the greatest 
increases in the smaller, or understory stems (Table 1).  
 e frequency (number of transect plots with A. altissima divided 
by the total number of transect plots) of A. altissima throughout 
the woodlot is 13.5%.   e secondary and old growth stands did 
not di er signi cantly in A. altissima frequency (chi – square = 
0.06, df = 1, p > 0.05).  Stand age had no signi cant e ects on A. 
altissima stem density for any part of this study. Overall, we found 
14.9 A. altissima stems/100 m2 in the old growth macroplots 
(O1 and O2) and 11.6 stems/100 m2 in the secondary growth 
macroplots (S1 and S2).  Ailanthus altissima was found in 32% of 
the 225 perimeter plots (Table 2).  Within these plots, A. altissima 
coverage was usually ≤ 25%, but was occasionally at 100%.  
Environmental Trends
 e number of stems and basal area of A. altissima were negatively 
correlated with distance from the woodlot edge (p ≤ 0.01) (Table 
3, Fig. 2A, 2B).  Ailanthus altissima stem density and basal area 
were negatively correlated with the number of stems of other woody 
species (p = 0.01 and p < 0.01 respectively) and the basal area of 
other woody species (p = 0.02 and p ≤ 0.01 respectively) (Table 
3).   e presence of A. altissima did not di er in perimeter plots 
of di erent aspect (p > 0.05).
Age and Survival Results
 e mean absolute growth rate for the trees cored was 0.72 cm 
in diameter per year (Fig. 3).   e oldest tree cored in the woodlot 
was 59 years old.   e youngest canopy tree cored was 18 years old. 
 e range of ages of the cored trees suggested that A. altissima has 
gradually established itself within the canopy over the last 20 to 
60 years.
Annual survivorship from 2001 to 2002 for all A. altissima 
found in the O1, O2, and S2 plots combined was 41.9%.  Ailanthus 
altissima survival was negatively correlated with distance from the 
woodlot edge (p = 0.045) (Table 3, Fig. 2C).  
DISCUSSION
 e oldest A. altissima in the woodlot appears to be the 59-year- 
old canopy tree in the S2 macroplot.   is dates the initial invasion 
of A. altissima before 1940, about the same time that part of the 
area was released from agriculture (DeMars and Runkle 1992). 
 is date agrees with surveys of nearby Preble and Butler counties 
that list A. altissima as an occasional presence within forests about 
this same time (Byrd 1939; 1941).  It is possible that A. altissima 
invaded or was planted earlier than 1940 with older trees already 
dead or not encountered during sampling.  Since the normal lifespan 
of A. altissima is thought to be 50 to 70 years, several generations 
of canopy trees could already have passed since its establishment 
in the woodlot (Illick and Brouse 1926).  Since the oldest tree was 
found in an area of secondary growth, A. altissima may initially have 
invaded younger stands and then spread to the old growth stand. 
Figure 1.   e layout for the O2 macroplot.   is design was typical for all four 
macroplots.
subjectively located just inside the dense tangle of lower stems that 
characterized the outer edges of the woodlot.
Macroplots were divided into 25 10 x 10 m subplots (Fig. 1). 
Associated with each macroplot were  ve edge plots.   ese plots 
were all 10 m wide, but of varying lengths extending from the 
macroplot to the woodlot edge.  
Within each subplot, including edge plots, all A. altissima stems 
were counted, tagged, and assigned one of the same size classes as 
described for the transects.  Diameters were measured on trees 
reaching breast height (134 cm) and all A. altissima with a dbh ≥ 
10 cm were again cored and aged.  Within all subplots, excluding 
the edge plots, all woody stems of other species ≥ 10 cm dbh were 
measured and identi ed.
In order to determine the annual mortality of the tagged 
understory A. altissima stems we resampled three of the macroplots 
(O1, O2, and S2) in mid July 2002.  All living tagged stems were 
relocated, counted, and assigned a size class.  S1 was not resampled 
because it had been cut back and sprayed.
Perimeter Plots
In June 2001 we divided the perimeter of the woodlot into 220 
perimeter plots that were each 25 m long and 2 m deep.  If A. altissima 
was present, we visually estimated the fraction of the foliage that 
was A. altissima with the aid of a meter tape.   ese observations 
were assigned into percent coverage classes:  0 = not present, 1 = 
1–24%, 2 = 25–49%, 3 = 50–74%, 4 = 75–100%.  Aspect and 
stand age were also determined for each perimeter plot.
Statistical Analysis
For the transect plots, chi-squared tests compared similarities 
in the frequency of occurrence of A. altissima for the old and 
secondary growth woodlots.  Linear regression was used to test for 
relationships between dbh and age for all cored A. altissima.
Spearman’s rank correlation test was used in order to examine 
relationships between all variables examined in the macroplot study. 
Variables included distance from the woodlot edge, number of A. 
Table 1
Comparison of transect densities of Ailanthus stems for 1980 and 2002.  Size classes 
for 1980 are 1 = < 0.5 m in height, 2 = > 0.5 m in height, but < 0.5 cm in diam-
eter at breast height (dbh), 3 = 0.5 - 25 cm dbh, and 4 = > 25 cm dbh.  Compa-
rable size classes for 2002 are 1 = stems < 30 cm in height, 2 = stems 30 – 133 cm 
in height, 3 = ≥134 cm in height, but not a canopy tree, and 4 = canopy tree.  
All values are in stems/ha.
 * indicates the mean with the inclusion of an outlier, a transect plot with an 
unusually high density of small seedling Ailanthus. 
Table 3
Matrix of Spearman correlation values for variables used 
in the macroplot study.  
Variables  Ailanthus                      Ailanthus                       Ailanthus
    Density                  Basal Area                Survival
Ailanthus Density        ---                         0.67*                                0.17
Basal Area        0.67*     ---                     0.62*
Density Other      -0.29*  -0.4*                    -0.16
Basal Area Other      -0.22*  -0.32*                    -0.09
Distance       -0.32*  -0.39*                    -0.24*
* indicates p < 0.05; n = 116 for all comparisons with the exception of those 
involving annual survival (2001-02), for which n = 48.  
Table 2
  e number and percent of perimeter plots that fall 
into each percent coverage class of Ailanthus.
Percent Coverage                                     Number                                     Percentage
       Classes                                                  of Plots                                         of Plots
        0                                                                 149                                                   68
       1-24                                                              42                                                   19
        25-49                                                          12                                                      6
        50-74                                                             9                                                     4
        75-100                                                          8                                                      4
Figure 2.  (A)  e relationship between the number of Ailanthus stems per 100 
m2 plot and distance from the woodlot edge in all four macroplots.  r = -0.32, p 
< 0.05, n =116  (B) Relationship between Ailanthus basal area and distance from 
the edge in all four macroplots.  r = -0.39, p < 0.05, n = 116, * indicates oldest A. 
altissima cored (C) Fractional annual (2001 – 2002) survivorship related to the 
distance from the woodlot edge for the O1, O2, and S2 macroplots.  r = -0.24, p 
< 0.05, n = 48.
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Size Class                        1980                             1980                              2002
                   (line plot)           (circle plot)
       1                          14                 26.7                            46.3, 639.8*
       2                                      3.3                 13.3        113.5
       3                                      3.8                   1.9         37.1
       4                                      0                   0.5        1.57
   Total                        21                  42                              198.4, 791.9*
altissima stems, basal area of A. altissima stems, number of stems of 
other woody species, basal area of other woody species, and annual 
survival of tagged A. altissima stems.  Spearman’s test was used 
because it is less in uenced by outliers than correlation procedures 
based on the original data (Zar 1999).  Simple regression analysis 
was used in order to relate annual survivorship of A. altissima 
to distance from the woodlot edge for the macroplots O1, O2, 
and S2.  ANOVA was used to determine whether the number of 
stems and basal area of A. altissima varied among the two stand 
ages examined.
In order to look for signi cant di erences between the frequency 
of occurrence of A. altissima along the perimeter and in stands of 
di erent ages and plots of di erent aspect the chi-squared test was 
used.  Because relatively few perimeter plots contained A. altissima 
with a relatively high percent coverage, we considered A. altissima 
to be in one of two classes: present or not present.  All statistical 
analyses were performed with PC SAS (Version 8.0, SAS Institute, 
Cary, NC) using a signi cance level of α=0.05.
RESULTS
Stem Density and Frequency
 e total density and the density per size class for the transects 
are shown with and without an outlier (Table 1).   e outlier was 
one circular plot with an unusually high number of small A. altissima 
seedlings.  Smaller understory A. altissima stems are more abundant 
than canopy trees and abundance decreases for each larger size class 
(Table 1).  When compared with the densities from the 1980 sample, 
A. altissima density totaled from all size classes has increased from 
21-42 stems/ha to 198 stems/ha.  Individually all four size classes 
show an increase in A. altissima density over time, with the greatest 
increases in the smaller, or understory stems (Table 1).  
 e frequency (number of transect plots with A. altissima divided 
by the total number of transect plots) of A. altissima throughout 
the woodlot is 13.5%.   e secondary and old growth stands did 
not di er signi cantly in A. altissima frequency (chi – square = 
0.06, df = 1, p > 0.05).  Stand age had no signi cant e ects on A. 
altissima stem density for any part of this study. Overall, we found 
14.9 A. altissima stems/100 m2 in the old growth macroplots 
(O1 and O2) and 11.6 stems/100 m2 in the secondary growth 
macroplots (S1 and S2).  Ailanthus altissima was found in 32% of 
the 225 perimeter plots (Table 2).  Within these plots, A. altissima 
coverage was usually ≤ 25%, but was occasionally at 100%.  
Environmental Trends
 e number of stems and basal area of A. altissima were negatively 
correlated with distance from the woodlot edge (p ≤ 0.01) (Table 
3, Fig. 2A, 2B).  Ailanthus altissima stem density and basal area 
were negatively correlated with the number of stems of other woody 
species (p = 0.01 and p < 0.01 respectively) and the basal area of 
other woody species (p = 0.02 and p ≤ 0.01 respectively) (Table 
3).   e presence of A. altissima did not di er in perimeter plots 
of di erent aspect (p > 0.05).
Age and Survival Results
 e mean absolute growth rate for the trees cored was 0.72 cm 
in diameter per year (Fig. 3).   e oldest tree cored in the woodlot 
was 59 years old.   e youngest canopy tree cored was 18 years old. 
 e range of ages of the cored trees suggested that A. altissima has 
gradually established itself within the canopy over the last 20 to 
60 years.
Annual survivorship from 2001 to 2002 for all A. altissima 
found in the O1, O2, and S2 plots combined was 41.9%.  Ailanthus 
altissima survival was negatively correlated with distance from the 
woodlot edge (p = 0.045) (Table 3, Fig. 2C).  
DISCUSSION
 e oldest A. altissima in the woodlot appears to be the 59-year- 
old canopy tree in the S2 macroplot.   is dates the initial invasion 
of A. altissima before 1940, about the same time that part of the 
area was released from agriculture (DeMars and Runkle 1992). 
 is date agrees with surveys of nearby Preble and Butler counties 
that list A. altissima as an occasional presence within forests about 
this same time (Byrd 1939; 1941).  It is possible that A. altissima 
invaded or was planted earlier than 1940 with older trees already 
dead or not encountered during sampling.  Since the normal lifespan 
of A. altissima is thought to be 50 to 70 years, several generations 
of canopy trees could already have passed since its establishment 
in the woodlot (Illick and Brouse 1926).  Since the oldest tree was 
found in an area of secondary growth, A. altissima may initially have 
invaded younger stands and then spread to the old growth stand. 
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 e layout for the O2 macroplot.   is design was typical for all four 
macroplots.
subjectively located just inside the dense tangle of lower stems that 
characterized the outer edges of the woodlot.
Macroplots were divided into 25 10 x 10 m subplots (Fig. 1). 
Associated with each macroplot were  ve edge plots.   ese plots 
were all 10 m wide, but of varying lengths extending from the 
macroplot to the woodlot edge.  
Within each subplot, including edge plots, all A. altissima stems 
were counted, tagged, and assigned one of the same size classes as 
described for the transects.  Diameters were measured on trees 
reaching breast height (134 cm) and all A. altissima with a dbh ≥ 
10 cm were again cored and aged.  Within all subplots, excluding 
the edge plots, all woody stems of other species ≥ 10 cm dbh were 
measured and identi ed.
In order to determine the annual mortality of the tagged 
understory A. altissima stems we resampled three of the macroplots 
(O1, O2, and S2) in mid July 2002.  All living tagged stems were 
relocated, counted, and assigned a size class.  S1 was not resampled 
because it had been cut back and sprayed.
Perimeter Plots
In June 2001 we divided the perimeter of the woodlot into 220 
perimeter plots that were each 25 m long and 2 m deep.  If A. altissima 
was present, we visually estimated the fraction of the foliage that 
was A. altissima with the aid of a meter tape.   ese observations 
were assigned into percent coverage classes:  0 = not present, 1 = 
1–24%, 2 = 25–49%, 3 = 50–74%, 4 = 75–100%.  Aspect and 
stand age were also determined for each perimeter plot.
Statistical Analysis
For the transect plots, chi-squared tests compared similarities 
in the frequency of occurrence of A. altissima for the old and 
secondary growth woodlots.  Linear regression was used to test for 
relationships between dbh and age for all cored A. altissima.
Spearman’s rank correlation test was used in order to examine 
relationships between all variables examined in the macroplot study. 
Variables included distance from the woodlot edge, number of A. 
Table 1
Comparison of transect densities of Ailanthus stems for 1980 and 2002.  Size classes 
for 1980 are 1 = < 0.5 m in height, 2 = > 0.5 m in height, but < 0.5 cm in diam-
eter at breast height (dbh), 3 = 0.5 - 25 cm dbh, and 4 = > 25 cm dbh.  Compa-
rable size classes for 2002 are 1 = stems < 30 cm in height, 2 = stems 30 – 133 cm 
in height, 3 = ≥134 cm in height, but not a canopy tree, and 4 = canopy tree.  
All values are in stems/ha.
 * indicates the mean with the inclusion of an outlier, a transect plot with an 
unusually high density of small seedling Ailanthus. 
Table 3
Matrix of Spearman correlation values for variables used 
in the macroplot study.  
Variables  Ailanthus                      Ailanthus                       Ailanthus
    Density                  Basal Area                Survival
Ailanthus Density        ---                         0.67*                                0.17
Basal Area        0.67*     ---                     0.62*
Density Other      -0.29*  -0.4*                    -0.16
Basal Area Other      -0.22*  -0.32*                    -0.09
Distance       -0.32*  -0.39*                    -0.24*
* indicates p < 0.05; n = 116 for all comparisons with the exception of those 
involving annual survival (2001-02), for which n = 48.  
Table 2
  e number and percent of perimeter plots that fall 
into each percent coverage class of Ailanthus.
Percent Coverage                                     Number                                     Percentage
       Classes                                                  of Plots                                         of Plots
        0                                                                 149                                                   68
       1-24                                                              42                                                   19
        25-49                                                          12                                                      6
        50-74                                                             9                                                     4
        75-100                                                          8                                                      4
Figure 2.  (A)  e relationship between the number of Ailanthus stems per 100 
m2 plot and distance from the woodlot edge in all four macroplots.  r = -0.32, p 
< 0.05, n =116  (B) Relationship between Ailanthus basal area and distance from 
the edge in all four macroplots.  r = -0.39, p < 0.05, n = 116, * indicates oldest A. 
altissima cored (C) Fractional annual (2001 – 2002) survivorship related to the 
distance from the woodlot edge for the O1, O2, and S2 macroplots.  r = -0.24, p 
< 0.05, n = 48.
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 e two secondary growth stands were once  elds, habitats easily 
colonized by pioneer species like A. altissima (Rabe and Bassuk 
1984; Miller 1990; Facelli and Pickett 1991; DeMars and Runkle 
1992; Kowarik 1995; Knapp and Canham 2000). 
Even though the secondary growth stands were probably where 
A. altissima  rst invaded the woodlot, they do not di er from the 
old growth stand in terms of A. altissima stem density. Because A. 
altissima is considered a pioneer species, we were expecting to  nd 
it more frequently in the secondary growth sections of the woodlot. 
However, since A. altissima employs a gap–obligate invasion 
strategy, perhaps the formation of canopy gaps is more important 
than stand age for its distribution (Runkle 1996; Kowarik 1995; 
Knapp and Canham 2000).  Since one of the secondary growth 
stands in the WSU woodlot is 70 years old, it may no longer o er 
advantages to the establishment of young trees and pioneer species 
compared with the older stand.  Canopy gap processes also di er 
with stand age.  Clebsch and Busing (1989) found that gaps in a 
second-growth stand in a Southern Appalachian cove forest were 
smaller in size, although more numerous than old growth canopy 
gaps.  Old growth gaps contained higher light microsites because 
of their increased size, which can accommodate shade intolerant 
species, such as A. altissima.  In addition, since A. altissima has been 
present within the WSU woodlot for at least 60 years, it may have 
had enough time to disperse into the old growth woodlot e ectively. 
 e old growth stand probably was disturbed by selective cutting 
and grazing in the past and this may have le  it vulnerable to A. 
altissima invasion.  Also, A. altissima may have established along the 
edges of the old growth stand, including edges now in the interior 
of the WSU woodlot as a whole.   e distances from these former 
edges to the interior of the older woodlot were smaller than distances 
from the present woodlot edge.   ese former edges may have been 
the source of invasion of the old growth interior at the same time 
the secondary stands became established or earlier.  
While presence of A. altissima did not di er between the 
secondary and old growth stands, it did di er between woodlot 
perimeter and interior.  Ailanthus altissima is frequently found along 
the perimeter.   is is not surprising considering that A. altissima 
has been well documented as a common species along edge habitats 
and in open spaces (Rabe and Bassuk 1984; Miller 1990; Facelli and 
Pickett 1991; Kowarik 1995; Knapp and Canham 2000).  Exotic 
species are o en increased in abundance near forest edge habitats, 
possibly due to increased resource availability or increased dispersal 
into forest edges (McDonald and Urband 2006). We expected A. 
altissima presence to vary along the edge due to aspect, occurring 
more o en along edges that received a greater amount of sunlight 
during the day, such as those facing south.  Ailanthus altissima is 
reported to be a shade-intolerant species and to prefer areas with full 
sunlight (Rabe and Bassuk 1984; Miller 1990; Facelli and Pickett 
1991; Kowarik 1995; Knapp and Canham 2000).  However, we did 
not  nd this aspect to be signi cant.  Instead, the distribution of A. 
altissima along the perimeter may be related to where A. altissima 
was initially introduced, disturbance history, or to its history of seed 
dispersal.   e location of large canopy A. altissima may in uence 
total edge A. altissima.  Large canopy A. altissima are near many 
of the perimeter plots with a high percent coverage of A. altissima 
(Espenschied 2002).  A canopy A. altissima can support hundreds 
of root suckers and can have roots ranging more than 8 m from its 
trunk (Illick and Brouse 1926; Davies 1935; 1944; Kowarik 1995). 
 us, once one A. altissima has become established along the edge 
it can generate many new suckers a er a few years.  A female A. 
altissima can produce up to 325,000 seeds per year (Heisey 1997). 
 e light, wind dispersed seeds can easily travel long distances 
and are readily germinated.  Even though seedling survival can be 
relatively low (15.7% in one study), it is easy to see that one canopy 
female A. altissima could easily spread numerous seedlings in an 
area, as well as clonal root sprouts (Kota 2005).
Ailanthus altissima was also found within the woodlot interior, 
both in the macroplots and along the transects.  While A. altissima 
can occur both along the woodlot perimeter and within the interior, 
the number of stems of A. altissima decreased with increased distance 
from the edge.  Similarly, McDonald and Urband (2006) found 
that species composition along forest edges in North Carolina 
was signi cantly di erent than in the forest interior, but that this 
e ect only penetrated about 5 m into the forest. We suspect that A. 
altissima  rst invaded along the Wright State woodlot as an edge 
species.  Many of the canopy trees are near the forest edges. From 
the woodlot edge A. altissima could penetrate the interior via its 
wide ranging roots, e ective long distance seed dispersal, and in 
gaps given its documented success as a gap colonizer (Davies 1944; 
Kowarik 1995; Knapp and Canham 2000; Kota 2005).   e oldest 
tree cored was located in one of the secondary growth stands, which 
originated as farm  elds.  is and other interior canopy trees likely 
originated as edge individuals, becoming interior individuals due 
to the establishment of secondary stands around them as the old 
farm  elds were abandoned. 
Ailanthus altissima stems can sometimes be found at high 
densities within the interior of the WSU woodlot.  With and 
without the outlier plot (Table 1), the density of A. altissima stems 
for all size classes has increased since 1980.   e largest increase is 
in the smaller size classes.  Relatively few A. altissima are present 
in the canopy, but canopy density has increased threefold since 
1980 (Table 1).  However, because understory clonal sprouts of A. 
altissima remain photosynthetically active at low irradiances and 
may receive aid in the form of resource reallocation from the parent 
tree, they can persist under the canopy for years, growing slowly, 
and awaiting a canopy disturbance (Kowarik 1995; Hammerlynck 
2001), a er which it is possible they could exploit the opportunity 
and outcompete native stems present for the available space 
(Kowarik 1995; Knapp and Canham 2000). However, a recent study 
found that L. tulipfera can outperform A. altissima in the  rst two 
years following a disturbance if su  cient viable seeds are present 
(Kota and others 2006).  Ailanthus altissima can only maintain a 
seed bank for about one year (Kowarik 1995; Kota 2005).   e 
seeds can germinate in low light conditions, but seedling mortality 
typically occurs within a year.   erefore, it is the clonal sprouts of 
A. altissima that are the most likely to succeed in the understory 
and achieve canopy status (Kowarik 1995).
Some of the di erences between the 1980 and the current 
results could be due to di erences in techniques.   e idea to 
compare this present study to the 1980 study was conceived a er 
the recent  eld work was completed, which is the reason for the 
di erent  eld methods.  e two samples used slightly di erent 
size classes.  However, the fact that A. altissima increased in all 
size classes suggests that the increase is real.   e two techniques 
sampled somewhat di erent sections of the woodlot, so some of the 
variation in results may be due to spatial di erences in A. altissima 
density and not just to temporal di erences.
Understory A. altissima are of concern only if they survive from 
year to year.  All macroplots resampled contained understory A. 
altissima sprouts that had survived from 2000 to 2001, for a total 
of 42% survival.  Most likely the stems that we found surviving 
were clonal sprouts.  Kowarik (1995) found root suckers of A. 
altissima in a West Virginia forest ranging in age from one to 
19 years.  In contrast, the same researcher found 100% annual 
mortality in understory A. altissima seedlings.  Another more 
recent West Virginia study found a 15.7% survival rate among A. 
altissima seedlings planted under a canopy (Kota 2005). While it 
has been shown that A. altissima can e  ciently photosynthesize 
at low light levels (Hammerlynck 2001), clonal sprouts may have 
additional support via resource reallocation from the parent tree 
or even other larger sprouts nearby that give them an advantage 
over seedlings (Davies 1935; Kowarik 1995). 
CONCLUSIONS
Ailanthus altissima density increased within the WSU woodlot 
over the past twenty years (Table 1).   e biggest increase was in the 
density of the understory stems, which could potentially become 
part of the canopy in the future.   ere was no di erence in the 
presence of A. altissima between the secondary and old growth 
stands.  While A. altissima probably  rst invaded in the secondary 
growth stands or along old woodlot edges it has spread into the 
old growth stand, both edges and interior.
 e number of A. altissima stems decreased from the edge to the 
interior (Figure 2A).  While A. altissima were found in the interior 
and occasionally in high density patches, it was more likely to be 
found in high densities near the woodlot edge.
 e presence of A. altissima along the woodlot perimeter was 
not correlated with aspect.   e presence of A. altissima along the 
perimeter was probably better explained by nearby canopy trees 
that can support numerous root suckers, areas of initial planting 
or invasion, and recent disturbance.
  Ailanthus altissima was found in all size classes both in the 
macroplots and along the transects (Table 1).  Survivorship was 
42% for the three macroplots resampled.   e surviving understory 
sprouts are likely to be primarily root sprouts.  
In summary, A. altissima has successfully invaded both the old 
and secondary growth stands of the WSU woodlot.  It has its biggest 
in uence on the woodlot edge, frequently dominating local areas. 
A smaller presence in the woodlot interior is probably maintained 
due to occasional seedling success in canopy gaps and the formation 
of persisting clumps of clonal sprouts around canopy trees.  Similar 
trends may be found in other woodlots with A. altissima and this 
study indicates that this invasive species has the ability to become 
naturalized within an area and should be a species that is targeted 
for removal.   is study also demonstrates that A. altissima is capable 
of invading and maintaining a population within the interior of a 
woodlot and not only along the exterior.   is could indicate that 
A. altissima is capable of becoming an important invasive plant 
species within our native Eastern forests.
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 e two secondary growth stands were once  elds, habitats easily 
colonized by pioneer species like A. altissima (Rabe and Bassuk 
1984; Miller 1990; Facelli and Pickett 1991; DeMars and Runkle 
1992; Kowarik 1995; Knapp and Canham 2000). 
Even though the secondary growth stands were probably where 
A. altissima  rst invaded the woodlot, they do not di er from the 
old growth stand in terms of A. altissima stem density. Because A. 
altissima is considered a pioneer species, we were expecting to  nd 
it more frequently in the secondary growth sections of the woodlot. 
However, since A. altissima employs a gap–obligate invasion 
strategy, perhaps the formation of canopy gaps is more important 
than stand age for its distribution (Runkle 1996; Kowarik 1995; 
Knapp and Canham 2000).  Since one of the secondary growth 
stands in the WSU woodlot is 70 years old, it may no longer o er 
advantages to the establishment of young trees and pioneer species 
compared with the older stand.  Canopy gap processes also di er 
with stand age.  Clebsch and Busing (1989) found that gaps in a 
second-growth stand in a Southern Appalachian cove forest were 
smaller in size, although more numerous than old growth canopy 
gaps.  Old growth gaps contained higher light microsites because 
of their increased size, which can accommodate shade intolerant 
species, such as A. altissima.  In addition, since A. altissima has been 
present within the WSU woodlot for at least 60 years, it may have 
had enough time to disperse into the old growth woodlot e ectively. 
 e old growth stand probably was disturbed by selective cutting 
and grazing in the past and this may have le  it vulnerable to A. 
altissima invasion.  Also, A. altissima may have established along the 
edges of the old growth stand, including edges now in the interior 
of the WSU woodlot as a whole.   e distances from these former 
edges to the interior of the older woodlot were smaller than distances 
from the present woodlot edge.   ese former edges may have been 
the source of invasion of the old growth interior at the same time 
the secondary stands became established or earlier.  
While presence of A. altissima did not di er between the 
secondary and old growth stands, it did di er between woodlot 
perimeter and interior.  Ailanthus altissima is frequently found along 
the perimeter.   is is not surprising considering that A. altissima 
has been well documented as a common species along edge habitats 
and in open spaces (Rabe and Bassuk 1984; Miller 1990; Facelli and 
Pickett 1991; Kowarik 1995; Knapp and Canham 2000).  Exotic 
species are o en increased in abundance near forest edge habitats, 
possibly due to increased resource availability or increased dispersal 
into forest edges (McDonald and Urband 2006). We expected A. 
altissima presence to vary along the edge due to aspect, occurring 
more o en along edges that received a greater amount of sunlight 
during the day, such as those facing south.  Ailanthus altissima is 
reported to be a shade-intolerant species and to prefer areas with full 
sunlight (Rabe and Bassuk 1984; Miller 1990; Facelli and Pickett 
1991; Kowarik 1995; Knapp and Canham 2000).  However, we did 
not  nd this aspect to be signi cant.  Instead, the distribution of A. 
altissima along the perimeter may be related to where A. altissima 
was initially introduced, disturbance history, or to its history of seed 
dispersal.   e location of large canopy A. altissima may in uence 
total edge A. altissima.  Large canopy A. altissima are near many 
of the perimeter plots with a high percent coverage of A. altissima 
(Espenschied 2002).  A canopy A. altissima can support hundreds 
of root suckers and can have roots ranging more than 8 m from its 
trunk (Illick and Brouse 1926; Davies 1935; 1944; Kowarik 1995). 
 us, once one A. altissima has become established along the edge 
it can generate many new suckers a er a few years.  A female A. 
altissima can produce up to 325,000 seeds per year (Heisey 1997). 
 e light, wind dispersed seeds can easily travel long distances 
and are readily germinated.  Even though seedling survival can be 
relatively low (15.7% in one study), it is easy to see that one canopy 
female A. altissima could easily spread numerous seedlings in an 
area, as well as clonal root sprouts (Kota 2005).
Ailanthus altissima was also found within the woodlot interior, 
both in the macroplots and along the transects.  While A. altissima 
can occur both along the woodlot perimeter and within the interior, 
the number of stems of A. altissima decreased with increased distance 
from the edge.  Similarly, McDonald and Urband (2006) found 
that species composition along forest edges in North Carolina 
was signi cantly di erent than in the forest interior, but that this 
e ect only penetrated about 5 m into the forest. We suspect that A. 
altissima  rst invaded along the Wright State woodlot as an edge 
species.  Many of the canopy trees are near the forest edges. From 
the woodlot edge A. altissima could penetrate the interior via its 
wide ranging roots, e ective long distance seed dispersal, and in 
gaps given its documented success as a gap colonizer (Davies 1944; 
Kowarik 1995; Knapp and Canham 2000; Kota 2005).   e oldest 
tree cored was located in one of the secondary growth stands, which 
originated as farm  elds.  is and other interior canopy trees likely 
originated as edge individuals, becoming interior individuals due 
to the establishment of secondary stands around them as the old 
farm  elds were abandoned. 
Ailanthus altissima stems can sometimes be found at high 
densities within the interior of the WSU woodlot.  With and 
without the outlier plot (Table 1), the density of A. altissima stems 
for all size classes has increased since 1980.   e largest increase is 
in the smaller size classes.  Relatively few A. altissima are present 
in the canopy, but canopy density has increased threefold since 
1980 (Table 1).  However, because understory clonal sprouts of A. 
altissima remain photosynthetically active at low irradiances and 
may receive aid in the form of resource reallocation from the parent 
tree, they can persist under the canopy for years, growing slowly, 
and awaiting a canopy disturbance (Kowarik 1995; Hammerlynck 
2001), a er which it is possible they could exploit the opportunity 
and outcompete native stems present for the available space 
(Kowarik 1995; Knapp and Canham 2000). However, a recent study 
found that L. tulipfera can outperform A. altissima in the  rst two 
years following a disturbance if su  cient viable seeds are present 
(Kota and others 2006).  Ailanthus altissima can only maintain a 
seed bank for about one year (Kowarik 1995; Kota 2005).   e 
seeds can germinate in low light conditions, but seedling mortality 
typically occurs within a year.   erefore, it is the clonal sprouts of 
A. altissima that are the most likely to succeed in the understory 
and achieve canopy status (Kowarik 1995).
Some of the di erences between the 1980 and the current 
results could be due to di erences in techniques.   e idea to 
compare this present study to the 1980 study was conceived a er 
the recent  eld work was completed, which is the reason for the 
di erent  eld methods.  e two samples used slightly di erent 
size classes.  However, the fact that A. altissima increased in all 
size classes suggests that the increase is real.   e two techniques 
sampled somewhat di erent sections of the woodlot, so some of the 
variation in results may be due to spatial di erences in A. altissima 
density and not just to temporal di erences.
Understory A. altissima are of concern only if they survive from 
year to year.  All macroplots resampled contained understory A. 
altissima sprouts that had survived from 2000 to 2001, for a total 
of 42% survival.  Most likely the stems that we found surviving 
were clonal sprouts.  Kowarik (1995) found root suckers of A. 
altissima in a West Virginia forest ranging in age from one to 
19 years.  In contrast, the same researcher found 100% annual 
mortality in understory A. altissima seedlings.  Another more 
recent West Virginia study found a 15.7% survival rate among A. 
altissima seedlings planted under a canopy (Kota 2005). While it 
has been shown that A. altissima can e  ciently photosynthesize 
at low light levels (Hammerlynck 2001), clonal sprouts may have 
additional support via resource reallocation from the parent tree 
or even other larger sprouts nearby that give them an advantage 
over seedlings (Davies 1935; Kowarik 1995). 
CONCLUSIONS
Ailanthus altissima density increased within the WSU woodlot 
over the past twenty years (Table 1).   e biggest increase was in the 
density of the understory stems, which could potentially become 
part of the canopy in the future.   ere was no di erence in the 
presence of A. altissima between the secondary and old growth 
stands.  While A. altissima probably  rst invaded in the secondary 
growth stands or along old woodlot edges it has spread into the 
old growth stand, both edges and interior.
 e number of A. altissima stems decreased from the edge to the 
interior (Figure 2A).  While A. altissima were found in the interior 
and occasionally in high density patches, it was more likely to be 
found in high densities near the woodlot edge.
 e presence of A. altissima along the woodlot perimeter was 
not correlated with aspect.   e presence of A. altissima along the 
perimeter was probably better explained by nearby canopy trees 
that can support numerous root suckers, areas of initial planting 
or invasion, and recent disturbance.
  Ailanthus altissima was found in all size classes both in the 
macroplots and along the transects (Table 1).  Survivorship was 
42% for the three macroplots resampled.   e surviving understory 
sprouts are likely to be primarily root sprouts.  
In summary, A. altissima has successfully invaded both the old 
and secondary growth stands of the WSU woodlot.  It has its biggest 
in uence on the woodlot edge, frequently dominating local areas. 
A smaller presence in the woodlot interior is probably maintained 
due to occasional seedling success in canopy gaps and the formation 
of persisting clumps of clonal sprouts around canopy trees.  Similar 
trends may be found in other woodlots with A. altissima and this 
study indicates that this invasive species has the ability to become 
naturalized within an area and should be a species that is targeted 
for removal.   is study also demonstrates that A. altissima is capable 
of invading and maintaining a population within the interior of a 
woodlot and not only along the exterior.   is could indicate that 
A. altissima is capable of becoming an important invasive plant 
species within our native Eastern forests.
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